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(54) Honeycomb regenerator 

(57) A honeycomb regenerator is constructed by (a) 
honeycomb structural bodies (2) arranged in a high 
temperature portion, in which a temperature is over 
1250''C during a normal operation, made of aluminum- 
titanate or a combination of aluminum-titanate and mul- 
lite, and (b) honeycomb structural bodies (2) arranged 
in a low temperature portion, made of cordierite and/or 
mullite. or by (a) honeycomb structural txxiies arranged 
in a high temperature portion, to which an exhaust gas 
having a high temperature is contacted, made of alumi- 
num-titanate or a combination of aluminum-titanate and 
mullite. (b) honeycomb structural bodies (2) anranged in 
a middle temperature portion made of alumina and (c) 
honeycomb structural bodies (2) arranged in a low tem- 
perature portion made of one material or a combination 
of materials selected from a group of cordierite. mullite 
and a porcelain. The honeycomb regenerator according 
to the invention can perform a heat exchanging opera- 
tion effectively even in an exhaust gas having a high 
temperature and also in an exhaust gas having a high 
temperature and a conx>sive property. 
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Description 

BACKGROUND OF THE INVENTION 
5 field of the Invention 

The present invention relates to a honeycomb regenerator for recovering a waste heat in an exhaust gas by passing 
the exhaust gas and a gas to be heated alternately therethrough, which is constructed by stacking a plurality of honey- 
corrt) structural bodies and especially relates to the honeycomb regenerator used in an exhaust gas having a high tern- 
10 perature or a corrosive exhaust gas having a high temperature. 

Related Art Statement 

In a combustion heating furnace used for an industries such as a blast furnace, an aluminum metting furnace, a 

15 glass melting furnace or the like, a regenerator used for improving a heat efficiency, in which a firing air is pre-heated 
by utilizing a waste heat of an exhaust gas. has been known. As such regenerators. Japanese Patent Laid-Open Pub- 
lication No. 58-26036 (JP-A-58-26036) discloses a regenerator utilizing ceramic balls, and also Japanese Patent Laid- 
Open Publication No. 4-251 190 (JP-A-4-251 190) discloses a regenerator utilizing honeycomb structural bodies. 

In the known regenerator mentioned above, sit first an exhaust gas having a high temperature is brought into con- 

20 tact with the ceramic balls or the honeycomb structural bodies to store a waste heat of the exhaust gas in the regener- 
ator, £ind then a gas to be heated having a low temperature is brought into contact with the thus pre-heated regenerator 
to heat the gas to be heated, thereby utilizing the waste heat in the exhaust gas effectively. 

Among the known regenerators mentioned above, in the case of using the ceramic balls, since a contact area 
tsetween the ceramic balls and the exhaust gas is small due to a large gas-flowing resistivity of the ceramic balls, it is 

25 not possible to perform a heat exchanging operation effectively. Therefore, tiiere occurs a drawback such that it is nec- 
essary to make a dimension of the regenerator large. 

Contrary to this, In the case of using the honeycomb structural bodies, since a geometrically specific surface 
thereof is large as conrpared with a volume thereof, it is possible to perform tiie heat exchanging operation effectively 
even by a compact body. However, in an actual industrial heating furnace such as a glass metting furnace and a ceramic 

30 firing furnace, an operating temperature becomes over 1400'C. Therefore. If a honeycomb regenerator constructed by 
cordierite honeycomb structural bodies, which are widely used in a field of automobiles as a catalyst carrier, is applied 
to the heating furnaces mentioned above, the cordierite honeycomb structural bodies become soft and in an extreme 
case melted. This is because a softening temperature of the cordierite honeycomb structural bodies is about 1400*0. 
In this case, the honeycomb regenerator is not used as it is. 

35 Moreover, in order to improve anti-corrosive properties, a honeycomb regenerator is known, which is constructed 
by stacking anti-corrosive honeycomb structural lx>dies and cordierite honeycomb structural bodies. However, the hon- 
eycomb regenerator mentioned above cannot be used in a blast furnace in which a temperature becomes about 
1300^*0 and foreign substances such as an iron scale is included in an exhaust gas. For example, if use is made of an 
alumina honeycomb structural body as the anti-corrosive honeycomb structural body, tiie alumina honeycomb struc- 

40 tural body is not reacted vinth the iron scale, and thus it is no problem. However, in the blast fumace. an abrupt temper- 
ature change occurs during a norma! operation. In this case, the alumina honeycomb structural body is liable to be 
broken by the abrupt terrperature change mentioned above, since alumina has a high thermal expansion coefficient 
and a low thermal shock resistance. Furtiier. if the other anti-corrosive honeycomb structural bodies such as mullite, 
SiC are used, mullite and SiC have a high thermal expansion coefficient, and thus the honeycomb structural bodies are 

45 also liable to be broken due to an abrupt tennperature change as is the same as the alumina honeycomb structural body. 
Moreover, in order to improve anti-corrosive properties, it is thought that a size of one honeycomb structural body is 
made small, but in tiiis case a handling operation of the honeycomb regenerator becomes troublesome. 

Further, in a heating furnace using a heavy oil as a fuel of burner. SOx is generated due to a sulfur component 
included in a heavy oil and is reacted with a water component at a temperature under a dew point of SOx. so that a 
so dilute sulfuric add is generated. Therefore, if use is made of the cordierite honeycomb structural body in the atmos- 
phere mentioned above, the cordierite honeycomb stnjctural body is conoded. 

SUMMARY OF THE INVENTION 

55 An object of the present invention is to reduce or eliminate the drawt)acks mentioned atx>ve and to provide a hon- 
^comb regenerator which can perform a heat exchanging operation effectively even in an exhaust gas having a high 
temperature and in an ^^fhaust gas having a high temperature and a corrosive property. 

According to a first h. j. jeci of the invention, a honeycomb regenerator for recovering a waste heat in an exhaust gas 
fc>y passing an exhaust gas and a gas to be heated alternately therethrough, which is constructed by stacking a plurality 
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of honeycomb structural bodies, is characterized In that (a) said honeycomb structural bodies arranged in a high tem- 
perature portion, in which a temperature thereof is over 1250**C during a nornnal operation of the regenerator, are made 
of aluminum-titanate as a main crystal phase or a combination of aluminum-titanate and mullite, and (b) said honey- 
cornb structural bodies arranged in a low temperature portion are made of cordierite and/or mullite as a main crystal 
5 phase. 

According to a second aspect of the invention, a honeycomb regenerator for recovering a waste heat in an exhaust 
gas by passing an exhaust gas and a gas to be heated alternately therethrough, which is constructed by stacking a plu- 
rality of honeycomb structural bodies, is characterized in that (a) said honeycomb structural bodies arranged in a high 
temperature portion, to which said exhaust gas having a high temperature is contacted, are made of aluminum-titanate 
10 as a main crystal phase or a combination of aluminum-titarate and mullite. (b) said honeycomb structural bodies 
arranged in a middle temperature portion, in which a temperature is at least over 1200**C, are made of alumina as a 
main crystal phase, and (c) said honeycomb structural bodies arranged in a low temperature portion, in which a tem- 
perature is lower than that of said alumina honeycomb structural bodies, are made of one material or a comksination of 
materials selected from a group of cordierite. mullite and a porcelain having a corrosion resistivity. 

15 

BRIEF DESCRIPTION QF THg DRAWINGS 

Fig. 1 is a schematic view showing one embodiment of a honeycomb regenerator according to a first aspect of the 

invention: 

20 Fig. 2 is a schematic view Illustrating one enrbodiment of a honeycomb regenerator according to a second aspect 
of the invention; 

Fig. 3 is a schematic view depicting one embodiment such tiiat a heat exchanging apparatus utilizing the honey- 
comb regenerator according to tiie invention is applied to a combustion room of a combustion heating furnace; 
Fig. 4 is a schematic view showing a construction of the honeycomb regenerator according to the first aspect of tfie 
25 invention which is used in an experiment; 

Fig. 5 is a graph illustrating a heat curve during an operation of the honeycomb regenerator according to the first 
aspect of the invention which is used in the experiment; 

Fig. 6 is a graph depicting a variation of thermal expansion coefficients of aluminum-titanate honeycomb structural 
body after various heat treatments; 
30 Fig. 7 is a schematic view showing a construction of the honeycomb regenerator according to the second aspect 
of the invention which is used in the experiment; 

Fig. 8 is a graph illustrating a heat curve during an operation of the honeycomb regenerator according to the sec- 
ond aspect of the invention which is used in the experiment; 

Fig. 9 is a graph depicting variations of thermal expansion coefficient and anti-alkali property of tiie aluminum-titan- 
35 ate honeycomb structural body by adding MgO; and 

Fig. 10 is a graph showing a relation between aging time and thermal expansion coefficient of the aluminum-titan- 
ate honeycomb structural body by adding MgO and Fe203. 

DESCRIPTION OF THE PREFERRED EMBODIMENT 

40 

Fig. 1 is a schematic view showing one embodiment of a honeycomb regenerator according to the invention. In ttie 
emtKXiiment shown in Fig. 1 . a honeycomb regenerator 1 is formed by stacking a plurality of honeycomb structural txxl- 
ies 2 having a rectangular shape in such a manner that flow passages thereof constructed by through-holes 3 are 
aligned in one direction. In Fig. 1 , an upper surface of the honeycomb regenerator 1 is brought into contact witii an 
45 exhaust gas having a high temperature. In this embodiments, a high temperature portion (a) in which a temperature dur- 
ing a normal operation of a combustion heating furnace becomes over 1250'*C is constructed by honeycomb structural 
bodies 2 made of aluminum-titanate as a main crystal phase, and a low temperature portion (b) is constructed by hon- 
eycomb structural bodies 2 made of cordierite as a main crystal phase. 

A position of a boundary between tiie high temperature portion (a) and tine low temperature portion (b) is deter- 
so mined as follows. At first, a dummy honeycomb regenerator is used in the normal operation of the combustion heating 
furnace and temperatures at plural positions of the dummy honeycomb regenerator are measured. Then, a portion in 
which a temperature is always over 1250*0 regardless of a heat storing time and a heat discharging time is defined as 
ttie high temperature portion (a). Moreover, a portion in which a temperature is at least once under 1250*'C during ttie 
heat storing time and the heat discharging time is defined as the low temperature portion (b). In tine emtxxdiment shown 
55 in Fig. 1, all the honeycomb structural bodies 2 have the same shape, but it is possible to construct the honeycomb 
regenerator 1 in such a manner that a dimension of the honeycomb structural bodies 2 positioned at an outer peripheral 
portion is made smaller than that of the honeycomb structural bodies 2 positioned at a center portion, on a plane to 
which an exhaust gas having a high temperature is contacted. 



3 



CMicrtor>irv ^co 



EP0724126 A2 



In the embodiment mentioned above, aluminum-titanate becomes stable in a high tenperature and is not decom- 
posed over 1250**C. In this embodiment, since the portion which is always over 1250*'C is constructed by the honey- 
comb structural bodies made of aluminum-titanate as a main crystal phase, it is possible to obtain the honeycomb 
regenerator which can perform a heat exchanging operation effectively without being fractured even in a exhaust gas 
5 having a high temperature over 1400*^0. Moreover, as a material of aluminum-titanate. use is made of aluminum-titan- 
ate in which MgO and Fe203 are included as a solid solution as shown in Japanese Patent Publication No. 60-5545 or 
Japanese Patent Publication No. 59-19068. This is because aluminum-titanate including MgO and Fe2Q3 has an excel- 
lent heat statnlity. 

On the other hand, aluminum-titanate is decomposed into alumina and titania at near 1 lOO^'C. so that a thermal 

10 expansion coefficient l^ecomes larger and a dimension is varied. Therefore, it is not possikDie to use aluminum-titanate 
for a long time in a temperature range of 11 GO- 1 200*C. For the reason mentioned above, if the portion which becomes 
under 1250*'C is constructed by the honeycomb structural tKxlies made of aluminum-titanate as a main crystal phase, 
the honeycomb structural tKxjies made of aluminum-titanate as a main body are liable to be fractured due to a high ther- 
mal expansion coefficient and thus it is not preferable. Further, aluminum-titanate is expensive. Therefore, in this 

IS emtDodiment. a low temperature portion to which the use of aluminum-titanate is not prefenred is constructed by the hon- 
eycomb structural bodies made of cordierite and/or mulIHe as a main crystal phase. 

in the case that a dimension of the honeycomb structural bodies positioned at an outer peripheral portion is made 
smaller than that of the honeycomb structural bodies positioned at a center portion, on a plane to which an exhaust gas 
having a high temperature is contacted, a thermal shock resistivity of the honeycomb structural bodies positioned at an 

20 outer peripheral portion is inproved. Moreover, it is possible to eliminate the drawbacks such that a temperature incli- 
nation is generated if all the honeycomb structural bodies have the same dimension on the same plane and the honey- 
comb structural bodies are fractured due to the temperature inclination. Therefore, it is possible to obtain the 
honeycomb regenerator which can perform a heat exchanging operation effectively without being fractured even in an 
exhaust gas having a high temperature, and thus it is preferred. 

25 Fig. 2 is a schematic view showing one embodiment of a honeycomb regenerator according to a second aspect of 
the invention. In the embodiment shown in Fig. 2, a honeycomb regenerator is also formed by stacking a plurality of 
honeycomb structural bodies 2 having a rectangular shape in such a manner that flow passages thereof constructed by 
through-holes 3 are aligned in one direction. In Fig. 2. an upper surface of the honeycomb regenerator 1 is brought into 
contact with an exhaust gas having a high temperature. In this emtxxliment. a high temperature portion (a) to which an 

30 exhaust gas having a high temperature is directly contacted during a norrnal operation of a combustion heating furnace 
is constructed by honeycomb structural bodies 2 made of aluminum-titanate as a main crystal phase or by honeycomb 
structural bodies 2 made of a combination of aluminum-titanate and mullite as a main crystal phase. A middle temper- 
ature portion (b) in which a temperature becomes at least over 1200*C is constructed by honeycomb structural bodies 
2 made of alumina as a main crystal phase. A low temperature portion (c) arranged in a low temperature ade as com- 

35 pared with the alunryna honeycomb structural bodies is constructed by honeycomb structural bodies 2 made of cordier- 
ite or mullite as a main crystal phase or by a combination of honeycomb structural bocfies 2 selected from a group of 
cordierite, mullite and an anti-corrosive porcelain. 

Moreover, in the embodiment shown in Fig. 2. all the honeycomb structural bodies 2 have the same shape, but it is 
possible to construct the honeycomb regenerator 1 in such a manner that a dimension of the honeycomb structural bod- 

40 ies 2 positioned at an outer peripheral portion is made smaller thian that of the honeycomb structural bodies 2 posi- 
tioned at a center portion, on a plane to which an exhaust gas having a high temperature is directly contacted. 

As a material consisting of the honeycomb regenerator 1 shown in Rg. 2. aluminum-titanate is known as a heat 
resistive and low thermal expansion material. Moreover, since aluminunvtitanate is sXatiie with respect to an iron com- 
ponent even in a high temperature near ISOO^'C and has an excellent thermal shock resistivity, it is not fractured even 

45 by an abrupt temperature change. Further, aluminum-titanate is decomposed into alumina and titania at near 1 100*C, 
and then a thermal expansion coefficient thereof becomes larger. Therefore, if the portion which becomes under 
1250<'C for a long time is constructed by the honeycomb structural bodies made of aluminum-titanate as a main crystal 
phase, it is preferred to use aluminum-titanate in which MgO and Fe203 are included as a solid solution so as to sup- 
press the thermal decomposition. 

so If MgO is included in aluminum-titanate as a solid solution, it is possible to suppress the thermal decomposition at 
near 1 lOO^'C to some extent. However, it is not sufficient to suppress the thermal decomposition effectively, and.thus it 
is preferred that aluminum-titanate includes FeaOa as well as MgO. Moreover, in the present invention, it is found that 
MgO solid solution functions not only to suppress the thermal decomposition but also to improve anti-corrosion proper- 
ties especially anti-alkali properties. 

S5 In this case, an amount of MgO to be added is preferred to be 4~ 10 wt%. and an amount of Fe203 to be added is 
prefenred to be 2-10 wt%. The reason for preferably limiting an amount of MgO to 4-10 wt% is as follows. If an amount 
of MgO is not larger than 4 wt%. sufficient anti-alkali properties are not obtained. If an amount of MgO is not smaller 
than 10 wt%, MgO is not completely included in aluminum-titanate as a solid state, and thus spinel or magnesium-titan- 
ate having a high thermal expansion coefficient is generated, so that a thermal expansion coefficient of the honeyconrt> 
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structural body becomes larger Moreover. H Fe203 is included in aluminum-titanate as a solid solution. Fe ion is com- 
pletely substituted with Al ion. and thus the thermal decomposition of aluminum-titanate is suppressed. The reason for 
preferably limiting an anrrount of Fe203 to 2-10 wt% Is as follows. If an amount of Fe203 is not larger than 2 wt%. the 
thermal decomposition cannot be suppressed completely If an amount of FegOa not smaller than 10 wt%. a thermal 
5 expansion coefficient becomes larger 

In this embodiment, the reason for using the honeycomb structural bodies made of alumina as a main crystal phase 
to a lower temperature portion than the honeycomb structural bodies made of aluminum-titanate as a main crystal 
phase is as follows. At first, aluminum-titanate is an expensive material, and thus the use of aluminum-titanate is limited 
to an important portion. In this embodiment, it is sufficient to use aluminum-titanate only to a portion to which an 

10 exhaust gas having a high temperature is directly contacted, since the honeycomb structural bodies made of alumina 
as a main crystal phase having a high thermal expansion coefficient can be used to a portion to which the exhaust gas 
having a high temperature is not directly contacted and thus a thermal shock is weakened. Moreover, since the portion 
in which a temperature becomes at least over 1200**C during a normal operation of the combustion heating fumace has 
a problem on a corrosion due to an iron component occasionally an alkali component, it is necessary to use the honey- 

is comb structural t>odies made of alumina as a main crystal phase having an excellent corrosion resistivity. 

Moreover, it is necessary to use one of the cordier'rte honeycomb structural body, the mullite honeycomb structural 
body and the porcelain honeycomb structural body or the combination thereof for the low tenrperature portion of the 
honeycomb regenerator If a temperature of the honeycomb structural body is always under 1200*C. the corrosion due 
to the iron and alkali proceeds gradually, and thus it is possible to use the cordierite honeycomb structural body which 

20 has a low thermal expansion coefficient and an excellent thermal shock resistivity. Therefore, in this case, a dimension 
of one honeycomb structural body can be made larger and thus a handlirig of the honeycomb structural body can be 
made easier Moreover, if an amount of the iron or the alkali exhausted from the combustion heating furnace is large, it 
is preferred to use the honeycomb structural body made of mullite as a main crystal phase which has a larger thermal 
expansion coefficient in a high temperature but has a better heat resistivity and corrosion resistivity than the cordierite 

25 honeycomb structural body. Furtfier. only for the low temperature portion, it is possible to use the honeycomb structural 
txxly made of cordierite as a main crystal phase. 

Moreover, in tiie case that a heavy oil is used as a fuel, SOx is generated due to a phosphorus component in the 
heavy oil. and thus it is not possible to use the cordierite or mullite honeycomb structural t>ody for the portion of tiie hon- 
eycomb regenerator at which a temperature is under a dew point of SOx. In this case. It is preferred to use the honey- 

30 comb structural body made of an anti-corrosive porcelain. As for the honeycomb structural iDody made of an anti- 
corrosive porcelain, use is preferably made of a feldspar porcelain and an alumina porcelain both of which have an open 
porosity of substantially 0 and show an excellent acid resistivity In the present Inventran, it is necessary to construct the 
honeycomb regenerator using the honeycomb structural bodies made of various kinds of materials corresponding to a 
temperature to be used, an atmosphere of the exhaust gas in the combustion heating furnace to be installed and so on. 

35 Fig. 3-is a schematic view showing one emtx>diment such that a heat exchanging apparatus utilizing the honey- 
comb regenerator according to the invention is applied to a combustion room of a combustion heating furnace. In the 
embodiment shown in Fig. 3. a numeral 1 1 is a combustion room, numerals 12-1 and 12-2 are a honeycomb regener- 
ator having a consti^uction shown in Figs. 1 and 2, numerals 13-1 and 13-2 are a heat exchanging apparatus con- 
structed by the honeycomb regenerator 12-1 or 12-2. and numeral 14-1 and 14-2 are a fuel supply inlet of the heat 

40 exchanging apparatus 3-1 or 13-2. In the embodiment shown in Fig. 3, two heat exchanging apparatuses 13-1 and 13- 
2 are arranged for performing the heat storing operation and the heating operation at the same time. That is to say. 
when one of them performs the heat storing operation, tiie other can perform the heating operation at the same time, 
thereby performing the heat exchanging operation effectively. 

As shown by an arrow in Fig. 3. an air to be heated is supplied upwardly in the heat exchanging apparatus 13-1 in 

45 which the honeycomb regenerator 12-1 is pre-heated by storing a heat. and. at the same time, an exhaust gas having 
a high temperature is supplied from the combustion room 11 to the heat exchanging apparatus 13-2. Moreover a fuel 
is supplied in tiie heat exchanging apparatus 13-1 via the fuel supply inlet 14-1 at the same time. Therefore, the pre- 
heated air is supplied in tiie combustion room 1 1 with a fuel, and the honeycomb regenerator 12-2 of the heat exchang- 
ing apparatus 13-2 is pre-heated. 

50 Then, the gas flows are changed in a reverse direction with respect to the arrows in Rg. 3. After that, an air to be 
heated is supplied upwardly in ttie heat exchanging apparatus 13-2, and, at the same time, an exhaust gas having a 
high temperature is supplied from the combustion room 1 1 to the heat exchanging apparatus 13-1 . In the embodiment 
mentioned above, the heat ecchanging operation can be performed by repeating continuously tiie steps mentioned 
above. 

55 Hereinafter, an actual emt)odiment according to a first aspect of the present invention will be explained. 
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"""Z^ZTs^c^r^ bodies acccHding to the invention were produced as follows. At «rs. alumina ponders 
h^wioT! ml^ M^les^ze of 1 -10 urn. titania powders having a mean particle size of 0.1 -5 nm. and mullrte powders 
S^SIiTrn-e^^TolU m^^^ raw .Material powders. Then, organic binders. ^'^J^^^^^^;;^ 
IrrS^ to tt^e mS raw material powders to obtain a formable batch. Then, the thus obtained batch ««s extruded 
^^Tf^^^^Ss^^l^'friei^i. The thus obtained honeycomb structural formed body was f|red .n a tem- 
e ^ l -S^^T^O^ "rcSaTn a honeyi,mb structural body. Moreover, the honeycomb structural bo^^^ ac^rd" 
!;Stoie^ZativLxample were produced acco«ling to thetanownp^^^^ 

'^t e'S^lfngT^S^^^^^^ — - ^^^"^ T"^""! 

hndv^^S^n rS^e temperatures for one hour and then cooled down. After that a crack generation was 

^^r^t tt,e^g fSre temperature in an electric furnace was defined as a »'-p»^e!"«';j«;^^;^^^ 
cS<^ was generS. Moreover, the corrosion resistivity was estimated as a relat«.e value. The results were 
shown in the following Table 1 . 



Table 1 





Materials of 
honeycomb 
structural body 


Melting 
point CC) 


Thermal 
expansion 
coefficient 
(x1 0-^/40- 
800'C) 


Spaliing 
fracture 
tempera- 
ture (**C) 


Corrosion 
resistivity 


Comparative 


Cordierite 


1450 


0.6 


>1000 


X 


Example 


Alumina 


2050 


7.8 


450 


® 


Muitite 


1850 


5.0 


500 




Si impregnated 
SiC 


1400 


4.0 


950 


o 


Present invention 


Alumina-titan- 
atel 


1800 


1.5 


950 


A 


Alumina-titan- 
ate 2 


1800 


1.0 


>1000 


A 


Alumina-titan- 
ate 3 


1800 


-0.4 


950 


A 


Alumina-titan- 
ate 3 + Mullite 


1810 


1.2 


900 


A 



50 



55 



Frnm the resuKs shown in Table 1 . it was understood that the honeycomb struclural bodies made of three kinds of 
alunTZ J^Se^^rSi meSng point of 1800-C. a low thermal expansion coefficient and thus an^cellent 
Sfra^eTeXaturlVnJ 

S SlTi Moreo^^^^ it was understood that the aluminum-titanate honeycomb structural bod.es were preferably used 
as the honeycoirtj regenerator under a high temperature and a corrosive condition. 
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EMBODIMENT 2 

With respect to ttie honeycomb regenerators according to the present invention and the comparative example, an 
actual using condition of the honeycomb regenerators was observed. At first, the honeycomb regenerators according 

5 to the present irrvention and the comparative example having a construction shown in Fig. 4 were prepared by stacking 
the honeycomb structural bodies in such a manner that flow passages were aligned in one direction and materials of a 
high temperature portion (a) and a low temperature portion (b) were selected as shown in the following Tafc)te 2. All the 
honeycomb structural bodies had the same dimension of 75 mm x 75 mm x 50 mm. Moreover, the sample No. 7 accord- 
ing to the invention had a chemical composition of 97 wt% of aluminum-trtanate and 3 wt% of mullite. 

10 With respect to the thus prepared honeycomb regenerators according to the present invention and the comparative 
example, a heat storing operation and a heat discharging operation were performed repeatedly according to a heat 
curve shown in Fig. 5. In this case, a temperature difference of the honeycomb regenerator between a state of passing 
an exhaust gas having a high temperature and a state of passing a cooling air is ISO^'C. Moreover, a temperature incli- 
nation in the honeycomb regenerator along a length L direction was 1 .d^'C/mm. As shown in Fig. 4. temperatures during 

IS an operation was measured at three points in the honeycomb structural body. i.e. at an upper portion A to which an 
exhaust gas is contacted, a middle portion B. and a lower portion C to which a cooling air is contacted. Moreover, an 
overall length L of tiie honeycomb regenerator was varied in such a manner that a temperature of the lower portion C 
was always under 300''C. This was because apparatuses such as pipes, valves and so on were protected, it should be 
noted that the dimension (length) L in Table 2 is one example and thus it is not limited to the value shown in Table 2. 

20 The measuring results were shown in the following Table 2. 
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55 

From the results shown in Table 2, the fbllcwings were understood. At first, since the cordierite honeycomb struc- 
tural Ixxlies were used for a high temperature portion (a) and a low temperature portion (b) in the sample Noa 1 and 2 
according to the comparative example, the honeycomb structural bodies at the high temperature portion (a) were melt 
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down or softening, if they were used over 1 450*»C, so that the honeycomb regenerators of the sanple Nos. 1 and 2 were 
not preferred. Moreover, in the sample No. 3 according to the comparative example in which aluminum-titanate honey- 
comb structural bodies were used for the high temperature portion (a) and the tow temperature portion (b). a tempera- 
ture at the middle portion B was lOSO^C when a cooling air was passed and 1230'»C even when an exhaust gas having 
a high temperature was passed. In this case, aluminum-titanate was a material having a high melting point and a low 
thermal expansion coefficient but became a material having a high thermal expansion coefficient since it was decom- 
posed into alumina and titanta at near 1 100*C. In the sannple No. 3 according to the comparative example, a tempera- 
ture at the middle portion B was not increased over 1250*»C. the aluminum-titanate honeycomb structural bodies at the 
low temperature portion (b) were fractured. 

Fig. 6 was a graph showing a variation of thermal expansion coefficients of aluminum-titanate honeycomb struc- 
tural body after varbus heat treatments. In Fig. 6, a thermal expansion coefficient was abruptly increased in a temper- 
ature range of 1100*C--1250«C. and thus it was understood that a thermal shock resistivity was worse in this 
temperature range. Contrary to this, a thermal expansion coefficient was not abruptly increased in a temperature range 
of over 1250*C. and thus it was understood that the aluminum-titanate honeycomb structural bodies were used prefer- 
ably in this temperature range. 

On the other hand, in the sample Nos. 4-8 according to the present invention, the aluminum-titanate honeycomb 
structural bodies or the aluminum-titanate + mullite honeycomb structural bodies were used for the high temperature 
portion (a), and the cordierite honeycomb structural bodies or the mullite honeycomb structural bodies were used for 
the low temperature portion (b). Moreover, the honeycomb regenerator was constructed in such a manner that a tem- 
perature at a boundary between the aluminum-titanate honeycomb structural bodies or the aluminum-titanate -i- mullite 
honeycomb structural bodies and the cordierite honeycomb structural bodies or the mullite honeycomb structural bod- 
ies i.e. a temperature at the middle portion B was not over 1 450**C when an exhaust gas having a high temperature was 
passed, and that the temperature mentioned above was not under 1250**C when a cooling air was passed. Further, a 
length L of the aluminum-titanate honeycomb structural t)ody and an overall length L of the honeycomb regenerator 
were varied con-esponding to a temperature to be used. In the sample Nos. 4-8 according to the present invention, a 
condition to be used of the honeycomb regenerator was always normal, i.e. both of the high temperature portion and 
the low temperature portion of the honeycomb regenerator were always normal. Further, if both of the cordierite honey- 
comb structural bodies and the mullite honeycomb structural bodies were used at the low temperature portion, the 
same result as those of the sample No. 4-8 according to the invention can be obtained. 

Hereinafter, actual embodiments according to a second of the present invention will be explained. 

EMBODIMENT 3 

At first, honeycomb structural bodies made of v€urious materials used in the present invention were prepared. With 
respect to the thus prepared honeycomb structural bodies, melting points, thermal expansion coefficients between 
40**C and 800*'C, spalling fracture temperatures in an electric furnace, alkali resistivities and acid resistivities were 
measured. The spalling fracture temperature in an electric furnace was measured as follows. At first, the honeycomb 
structural body having a dimension of 75 mm x 75 mm x 50 mm was maintained in respective temperatures for one hour 
and then cooled down. After that, a crack generation was observed. As a result, the spalling fracture temperature in an 
electric furnace was defined as a highest temperature at which no rack was generated. Moreover, both of the alkali 
resistivity and the acid resistivity were estimated relatively and were marked as an order of ®>0>a>X from a good 
one. The results were shown in the following Table 3. 
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Tables 



Materials 


Melting 
point ("C) 


Thermal 

expansion 
coefficient 
/^m'^/dn- 

SOO'^C) 


Spalling 
fracture tem- 
perature 
\ ^) 


Alkali 
resistivity 


Acid rests- 
tivity 


Cordierrte 


1450 


0.6 


>1000 


X 


X 


Alumina 


2050 


7.8 


450 


o 


o 


Mullite 


1850 


5.0 


500 






Aluminum- 
titanate 


1700 


0.5 


>1000 


® 


o 


Porcelain 
honeycomb 


>1500 


6.0 


450 


X 


® 



(Note) * Dimension of honeycomb structural body used for measuring a spatling fracture 
temperature is 75 mm x 75 mm x 50 mm. 



From the results shown in Table 3, the aluminum-titanate honeycond:) structural bodies including Fe203 and MgO 
25 had a high melting point of 1 700**C. a low thermal expansion coefficients and a high spalling fracture temperature in an 
electric furnace, and thus it was understood that the aluminum-titanate honeycomb structural body has an excellent 
thermal shock resistivity. Moreover, it was understood that aluminum-titanate had a better alkali resistivity and a better 
ackJ resistivity than those of the other materials. Contrary to this, the porcelain honeycomb structural bodies used in a 
low temperature portion of the honeycomb regenerator had a high thermal expansion coefficient and thus a thermal 
30 shock resistivity was not so good. However, it was understood that the porcelain honeycomb structural bodies had a 
t>etter acid resistivity than that of the honeycomb structural bodies made of the other materials. 

EMBODIMENT 4 

35 With respect to the honeycomb regenerator having various constructions according to the present invention and 
the conparative example, an actual using condition of the honeycomb regenerators was observed. At first, the honey- 
comb regenerators according to the present invention and the comparative example having a construction shown in Rg. 
7 were prepared by stacking the honeycomb structural bodies in such a manner that flow passages were aligned in one 
direction and materials of a high temperature portion (a), a middle temperature portion (b) and a low temperature por- 

40 tion (c) were selected as shown in the following Table 4. All the honeycomb structural txxiies had the same dimension 
of 75 mm X 75 mm x 50 mm. Moreover, an atmosphere in a furnace used in this embodiment was a hard condition in 
whk;h an alkali component and an iron component were suspended. As for a fuel for a txjrner to be used in the furnace, 
use was made of a natural gas and a heavy oil. In the case that the heavy oil was used, it was confirmed that a sulfuric 
acid was generated under a dew point of acid in the furnace. 

45 With respect to the thus prepared honeycomb regenerators according to the present invention and the comparative 
exairple. a heat storing operation and a heat discharging operation were performed repeatedly according to a heat 
curve shown in Fig. 8. In this case, a temperature difference of the honeycomb regenerator between a state of passing 
an exhaust gas having a high temperature and a state of passing a cooling air is about 150**C. The following Table 4 
showed a construction of respective honeycomb regenerators and an actual using condition. In the results shown in 

so Table 4, temperatures of the honeycomb regenerator were measured at temperature measuring positions (1)~(4) 
shown in Fig. 7 when the honeycomb regenerator had a highest temperature i.e. when an exhaust gas having a high 
temperature was passed. Moreover, an overall length L of the honeycomb regenerator was varied in such a manner that 
a terrperature of the temperature measuring position (4) was always under 300**C. This was because apparatuses such 
as pipes, values and so on were protected. Moreover, in Table 4. a temperature is measured when an exhaust gas hav- 

55 ing a high temperature is passed through the honeycomb regenerator. 
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temperature 
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at high, niddle 
and low temper- 
ature portions 


a» 

3 

Urn 


natural 
gas 


natural 
gas 


natural 
gas 


natural 
gas 


V o 


natural 
gas 


natural 
gas 


natural 
gas 


heavy 
oil 


natural 
gas 


Structure of honeyconb regenerator | 


Boneyconb lov 
temperature 
portion (c) 
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Temper- 
ature of 
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a 
o 
m 


ooei 


1300 
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Temper- 
ature of 
portion (1) 
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o 
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55 From the results shown in table 4, the followings were understood. At first, since the cordierite honeycomb struc- 
tural txxjies were used for all the high temperature portion (a), the middle temperature portion (b) and the low temper- 
ature portion (c) in the sample No. 1 according to the comparative example, the honeycomb structural kxxjies at the high 
tenperature portion at which a temperature was over a melting point of cordierite were melt down, and also the hon- 
eycomb structural bodies at the middle temperature portion (b) at which a temperature was over 1 200**C were fractured 
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or softening due to an cibrupt corrosion proceeding by the alkali component and an iron component. Accordingly, rt was 
understood that the honeycomb regenerator consisting of the cordierite honeycomb structural txxlies only was not pre- 
ferred. Moreover, in the sample No. 2 according to the comparative example in which the alumina honeycomb structural 
bodies were used for preventing a melt down of the high temperature portion (a), since the alumina honeycomb struc- 
5 turaJ body had a high thermal expansion coefficient and thus a thermal shock resistivity thereof was worse, the alumina 
honeycomb structural bodies were fractured. Moreover, the honeycomb structural bodies at the middle portion (b) were 
fractured due to a corrosion as Is the same as the sample No. 1 according to the comparative example, and were not 
used. 

Further, in the sample No. 3 according to the comparative example in which the muliite honeycomb structural t>od- 

10 ies having a thermal expansion coefficient smaller than that of alumina were used for the high temperature portion (a) 
and the alumina honeycomb structural bodies were used for the middle temperature portion (b), the alumina honey- 
comb structural t>odies at the middle temperature portion (b) were not fractured due to a corrosion, and also were not 
fractured due to a thermal shock since the thermal shock applied to the middle temperature portion (b) was weak as 
compared with that of the high temperature portion (a). However, the muliite honeycomb structural bodies at the high 

75 temperature portion (a) were fractured due to a thermal shock. Therefore, in the sample Nos. 6-10 according to the 
present invention, the honeycomb structural bodies made of aluminum-titanate only, aluminum-titanate in which 5 wt% 
of MgO and 5 wt% of Fe203 were added or aluminum-titanate in which muliite was added were used for the high tem- 
perature portion (a) at which a corrosion due to an alkali component and an iron component and a thermal shock 
applied thereto were large, the alumina structural bodies were at least used for the middle temperature portion (b) at 

20 which a temperature is over 12O0'*C when the honeycomb regenerator became a highest temperature, and the honey- 
comb structural bodies made of cordierite, muliite. cordierite in which muliite was added or a combination of cordierite 
honeycomb and porcelain honeycomb were used for the low temperature portion (c). 

As a result, the aluminum-titanate according to the invention had an excellent corrosion resistivity due to the alkali 
component and the iron component and had a low thermal expansion coefficient, so that a thermal shock resistivity was 

25 large. Therefore, it was understood that the aluminum-titanate honeycomb structural bodies were used preferably for 
the high temperature portion (a) at which a corrosion was hard. Moreover, in the constructions mentioned above 
according to the invention, the alumina honeycomb structural txxlies at the middle temperature portion (b) and the hon- 
eycomb structural bodies made of various materials at the low temperature portion (c) were preferably used with no 
problem. Therefore, it was understood that the honeycomb regenerators according to the present invention were not 

30 fractured and a heat exchanging operation could be performed effectively. However, in the sample No. 4 according to 
the comparative example, since the alumina honeycomb structural bodies at the middle temperature portion (b) were 
used over 1200**C at the temperature measuring position (3). the honeycomb structural bodies at the high temperature 
portion (a) and the middle temperature portion (b) were nonmal. but the cordierite honeycomb structural bodies at the 
low temperature portion were melt down. Moreover, in the sample Nos. 6, 7, 8 and 9 according to the present invention. 

35 the alumina honeycomb structural bodies at the middle temperature portion migtrt be used for the low temperature por- 
tion (c) i.e. a portion under the temperature measuring position (3). 

In the samples mentioned above, a natural gas was used as a fuel of the burner used in the furnace, and thus a 
corrosion due to a.sulfuric acid at the low temperature portion when cooling was not generated. However, in the sample 
No. 5 according to the comparative example, since use was made of a heavy oil for a fuel of the burner, a sulfuric acid 

40 was generated due to a dew of SOx at the low temperature portion (c) when cooling, and thus the cordierite honeycomb 
structural bodies at the low temperature portion (c) were corroded due to the thus generated sulfuric acid. In the sample 
No. 10 according to the present invention, since the porcelain honeycomb structural bodies were used for a portion in 
which the acid resistivity was necessary, the honeycomb regenerator was not fractured or melt down even at the low 
temperature portion (c). 

45 

EMBODIMENTS 

Effects of additions of MgO and Fe203 with respect to an aluminum-titanate honeycomb structural Ixxly were inves- 
tigated. At first. Rg. 9 showed a variation of properties due to an addition of MgO with respect to aluminum-titanate 

50 according to the invention. In Fig. 9. CTE showed a thermal expansion coefficient between 40^*0 and 800**C along a flow 
direction of the fired honeycomb structural txxiy. Moreover, a weight reduction rate as an indication of an alkali resistivity 
was measured from a weight loss when the honeycomb structural body was immersed in 10 wt% of NaOH solution at 
150*^0 for twenty hours. If the weight reducing rate was small, it was understood that an excellent alkali resistivity was 
obtained. Moreover, in all cases, an €Lmount of Fe203 was 5 wt%. 

55 From the results shown in Fig. 9. it was understood that, if an amount of MgO to be added was varied, a thermal 
expansion coefficient and a corrosion resistivity of the aluminum-titanate honeycomb structural txxlies were varied cor- 
respondingly. That is to say. if an amount of MgO to be added was larger, a thermal expansion coefficient was 
decreased temporarily to a certain level, and then increased gradually from the certain level corresponding to an 
increase of MgO. Moreover, the weight reduction rate indicating the alkali resistivity was deaeased corresponding to 
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an increase of MgO addition to a certain level, and after that the weight reduction rate was not decreased. From the 
results shown in Rg. 9. it was understood that both of a thermal expansion coefficient and an alkali resistivity necessary 
for the honeycomb regenerator were satisfied sufficiently in an MgO range of 4-10 wt%. 

Then, Fig. 10 showed thermal expansion coeflicients of the fired honeycomb structural txxjies having various com- 

5 positions after maintaining in a temperature of 1100"C for respective aging times. As shown in Rg. 10, in the honey- 
comb structural bodies made of aluminum-titanate with no MgO and Fe203 addition (AT), the thermal expansion 
coefficient was rapidly increased by a heat treatment for a short period. Moreover, in the honeycomb structural bodies 
in which 10 wt% of MgO was added in alurrrinum-titanate (MAT), the thermal expansion coefficient was gradually 
increased by the heat treatment for a long period. Therefore, if the honeycomb structural bodies AT and MAT were used 

10 for a long time in a high temperature, the thermal coefficient was increased and thus there was a large possit>ility such 
that the honeycomb structural bodies were fractured. 

Under such a condition, thermal expansion coeffidents of honeycomb structural kxxJies in which MgO and FegOa 
were added in aluminum-titanate (MATF) were measured after the heat treatment for a long period. In the honeycomb 
structural bodies in which 1 wt% of Fe^Os was added (MATF-1). the thermal expansion coefficient was gradually 

IS increased. However, in the honeycomb structural bodies in which 2 wt% of Fe203 was added (MATF-2). the honeycomb 
structural bodies in which 5 wt% of FegOa was added (MATF-5) and the honeycomb structural bodies in which 10 wt% 
of FeaOa was added (MATF-10), the thermal expansion coefficients were low and not increased by ttie heat treatment 
for a long period. However, in the honeycomb structural bodies in which 15 wt% of Fe203 was added (MATF-15), the 
thermal expansion coefficient was not increased by the heat treatment for a long period, but it was high before the heat 

20 treatment, so that MATF-15 was not used preferably It should be noted that 5 wt% of MgO was added in all the MATF 
series mentioned above. Therefore, it was understood that 2-10 wt% of FeaOa were preferably added in aluminum- 
titanate. 

As can be understood from the embodiment 5. it is prefen-ed to add 4-10 wt% of MgO and 2-10 wt% of Fe203 in 
the aluminum-titanate honeycomb structural bodies. Moreover, in the embodiments mentioned above, as for raw mate- 
25 rials such as cordierite. mullrte. aluminum-titanate and so on which construct the honeycomb structural bodies at the " 
high temperature portion, the middle temperature portion and the low temperature portion, use is made of raw materials 
generally used, chamotte and so on or a combination thereof. 

Claims 

30 

1. A honeycomb regenerator for recovering a waste heat in an exhaust gas by passing an exhaust gas and a gas to 
be heated alternately therethrough, which is constructed by stacking a plurality of honeycomb structural bodies, 
characterized in that (a) said honeycomb structural bodies arranged in a high temperature portion, in which a tem- 
perature thereof is over 1250*C during a normal operation of a furnace, are made of aluminum-titanate as a main 

35 crystal phase or a comt3inatfon of aluminum-titanate and mulltte. and (b) said honeycomb structural IxKlies 
arranged in a low temperature portion are made of cordierite and/or mullite as a main crystal phase. 

2. The honeycomb regenerator according to claim 1, wherein a dimension of said honeycomb structural bodies 
arranged at an outer peripheral portion, to which an exhaust gas having a high temperature is contacted, is smaller 

40 than that of said honeycomb structural bodies arranged at a center portion. 

3. The honeycomb regenerator according to daim 1 or 2. wherein MgO and FegOs are added in said aluminum-titan- 
ate. 

45 4. A honeycomb regenerator for recovering a waste heat in an exhaust gas by passing an exhaust gas and a gas to 
be heated alternately therethrough, which is constructed by stacking a plurality of honeycomb structural bodies, 
characterized in that (a) said honeycomb structural bodies arranged in a high temperature portion, to which said 
exhaust gas having a high temperature is contacted, are made of aluminum-titanate as a main crystal phase or a 
combination of aluminum-titanate and mullite, (b) said honeycomb structural Ixxlies arranged in a middle temper- 
so ature portion, in which a temperature is at least over 1 200'C, are made of alumina as a main crystal phase, and (c) 
said honeycomb structural t>odies arranged in a low temperature portion, in which a temperature is lower than that 
of said alumina honeycomb structural bodies, are made of one material or a combination of materials selected from 
a group of cordierite. mullite and a- porcelain having a corrosion resistivity. 

55 5. The honeycomb regenerator according to claim 4. wherein said honeycomb structural bodies at said high temper- 
ature portion (a) are made of aluminum-titanate as a main crystal phase, said honeycomb structural bodies at said 
middle temperature portion (b) are made of alumina sa a main crystal phase, and said honeycomb structural bod- 
ies at said low temperature portion (c) are made of cordierite as a main crystal phase. 
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6. The honeycomb regenerator according to daim 4 or 5. wherein said aluminunvtitanate at the high temperature por- 
tion (a) includes 4*10 wt% of MgO and 2-10 wt% of Fe2Q3. 

7. The honeycomb regenerator according to claim 6, wherein a thermal expansion coefficient of said honeycomb 
5 structural bodies made of aluminum-titanate as a main crystal phase or a combination of aiuminum-titanate and 

mullite is under 1 .Ox10"®/'C in a temperature range of 40~800«C. 

a The honeycomb regenerator according to claim 4.5 or 6 wherein.in said low temperature portion (c), said porcelain 
honeycomb structural bodies are arranged at a portion in which a temperature is under a dew point of an acid 
10 included in said exhaust gas. 

9. The honeycomb regenerator according to daim 4,5 or 6 wherein a dimension of said honeycomb structural bodies 
arranged at an outer peripheral portion, to which an exhaust gas having a high temperature is contacted, is smaller 
than that of said honeycomb structural bodies arranged at a center portion. 
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(54) Honeycomb regenerator 

(57) A honeycomb regenerator is constructed by (a) 
honeycomb structural bodies (2) arranged in a high 
temperature portion, in which a temperature is over 
1250''C during a normal operation, made of aluminum- 
tltanate or a combination of alumlnum-titanate and mul- 
lite, and (b) honeycomb structural bodies (2) arranged 
in a low temperature portion, made of cordierite and/or 
mullite. or by (a) honeycomb structural bodies an-anged 
in a high temperature portion, to which an exhaust gas 
having a high temperature is contacted, made of alumi- 
num-tilanate or a combination of aluminum-titanate and 
mullite. (b) honeycomb structural bodies (2) an-anged in 
a middle temperature portion made of alumina and (c) 
honeycomb structural bodies (2) arranged in a low tem- 
perature portion made of one material or a combination 
of materials selected from a group of cordierite. mullite 
and a porcelain. The honeycomb regenerator according 
to the invention can perform a heat exchanging opera- 
tion effectively even in an exhaust gas having a high 
temperature and also in an exhaust gae having a high 
temperature and a corrosive property. 
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